Heat transfer in flow across a bank of tubes is of a particular importance in the design of heat exchangers. Heat exchangers are used in numerous services and industrial applications. Experimental studies were performed, carried out in cross-flow tube banks. They contain copper heated rod and 17 Aluminum rods arranged in the form of staggered and at arrange of Reynolds number 2700 to 21530. The experimental results indicated that the location of the heated rod in the work section affects the value of heat transfer coefficient thus this value is increased when the heated rod location changes both the y and x-directions. The experimental data revealed good agreement with Zukauskas correlation in four columns.
Introduction
A tube bundle is one of the simplest but more effective geometries in heat transfer applications. The bundle consists of a multiple cylindrical bars or circular tubes. The bundle tube heat exchangers are found in numerous industrial applications, ranging from low-tech applications such as domestic water heaters to high-tech applications such as hypersonic jet engine. Their size similarly varies extensively, from massive power plant boilers to extremely small chip coolers. In general, for convenience, tube bundles are installed such that the shell-side stream flows perpendicularly to the tubes (Jeong et al., 2011) . Tube banks are usually arranged in-line or in staggered manner and are characterized by the dimensionless transverse, longitudinal, and diagonal pitches. Typically, one fluid moves over the tubes, while the other fluid at a different temperature, passes through the tubes (Kan, Culhum, & Yovanovich, 2006) . Below is a brief summary of a number of researchers who experimentally, analytically and numerically have developed and determined the rate of heat transfer and flow structure around circular cylinder placed in a tube bank heat exchanger. Brevoort & Trifford (1942) have presented an experimental investigation of the details of the flow of fluids across tube banks. Information that clarifies the picture of the flow has been obtained by surveys of total dynamic and static pressure by visualization of flow through the use of titanium tetrachloride smoke. Martin & Gnielinsk (2000) have discovered a new type of analogy between pressure drop and heat transfer, that may be used in chevron-type plate heat exchanger in packed bed, and tube bundles in cross-flow for both inline and staggered arrangements. The new method is to calculate heat and mass transfer from pressure drop in tube bundles with a single adjustable parameter of fraction of total pressure drop due to friction, which has been found to be 0.5 in all cases recommended especially for the staggered tube bundle. However this method in case of inline bundles gives slightly less accuracy than the older one in the law of Reynolds number range. Khan et al. (2006) proposed analytical method to investigate the heat transfer from tube banks in cross-flow under isothermal boundary conditions in both cases i.e in-line and staggered arrangements. The results showed that the models for in-line and staggered arrangements are applicable for use over a wide range of Reynolds and Prandtl numbers as well as longitudinal and transverse pitch ratios. Horvat, Leskovar, and Mavko (2006) compared heat transfer coefficient in tube bundle cross-flow heat exchanger for different tube shapes. Numerical analysis of heat transfer was performed for the heat exchanger segments with the cylindrical, the ellipsoidal and the wing-shaped tubes in the staggered arrangement. This comparative study showed that the wing-shaped which gives the best result based on these average values, drags the coefficient and Stanton number with respect of Reynolds number. Takemoto, Kawanishi, and Mizushima (2010) studied heat transfer in the flow through a bundle of heated tubes and transitions of the flow and discuss the effect of transition of flow upon the heat transfer characteristics numerically. The results of this study indicated that the physical quantities such as the Nusselt number and pressure exhibit discontinued jumps with continuous change in the Reynolds number. Ji et al. (2011) presented and investigated the effects of the evaluation method on the average heat transfer coefficient for a mini-channel tube bundle. The study was performed with a tube diameter of 1.5 mm and shell side Reynolds number of 3000 7000. The average convection heat transfer coefficient can be estimated by a surface temperature method based on Newton's cooling law and the LMTD method. The result showed that the convection heat transfer coefficient by LMTD method was 22.6% smaller than that yielded by the surface temperature method. Mehrabian (2007) evaluated experimentally the value of heat transferred coefficient directly between a cylindrical copper element and the air flowing past it in specially designed test rig. The comparison of experimental results with predications of a standard correlation shows that the two sets of data are in close agreement; also the experimental data gives a linear relationship between upstream velocity and pressure drop across the tube bank. Abd (2012) studied the effect of the external shape of a heated rod (cylindrical, square and triangular) on the convection heat transfer coefficient when the body is subjected to free or forced convection heat transfer by cross flow air stream. The results were in good agreement with the standard correlation.
The objective of this paper is to study experimentally the effect of heated rode position on the value of heat transfer coefficient in cross flow heat exchanger in a range of Reynolds number 2700 to 21530 and compare the test results with two standard correlation methods.
Equipment Description
The TE93 cross-flow heat exchanger apparatus, manufactured by (TecQuipment) was used in this study. A constant speed (2500 rpm) electric centrifugal fan (1hp) draws ambient air through duct having a square cross section of 12.5*12.5 cm (the working section) is transparent and includes holes for insertion of aluminum rods arranged as staggered form at right angle to the airflow. The air flow rate over rods regulated by a throttling valve installed to the discharge end. The base of the working section consists of two static pressure tapping used to measure the pressure drop across the rods. The air velocity measure directly by pitot tube as shown in Figure  ( 1). The components and all dimensions of work section are shown in Figure 2 . A special heated rod is placed at a selected position in the working section, and it is made of several parts; the main part heating rod is a pure copper, machined and drilled to allow for insertion of a thermocouple, and the two ends of the rod are closed by When T is greater than , the mass is losing heat to the surroundings. Thus, the rate of addition is the negative of the heat loss rate.
Let (3)
Differentiating the Equation 3, the equation becomes:
Substitute Equations 3 and 4 into the Equation 2, we have (5) Rearrange Equation 5
.
Since this is a first-order differential equation, when we integrate it, there will be an arbitrary constant in the solution. To evaluate it, we'll need an initial condition on the temperature of the mass (T o ).
At 0
By integrating both sides of Equation 6
(7)
The result yields:
A is replaced into A 1 because the effective length of the heater rod is actually slightly longer than the 95mm length exposed copper part. The Teflon ends are not perfect insulator and conduct a small amount of heat. This gives a larger effective length. Test on lengths of solid copper rod of the diameter has shown that the heated rod has the same properties as a solid rod that is 8. 
Results and Discussion

1) Effect of heated rod location on Nusselt number
A set of experimental data were obtained from changing the position of heated rod through C1R1 to C4R4 and within a Reynolds number range of 2700 -21530 for each location. Data obtained from all tests in this research proved that the value of Nusselt number increased when heated rod was moved in two directions such as in y and x-directions in work section. And also the value of Nusselt number increased when increasing Reynolds number. Table 4 shows as the maximum and minimum value of Nusselt number for each row in the four presented columns. This fact can be observed through Figures 5 to 8, which describe a relationship between Nu with Re in each row from column 1 to column 4 respectively.
2) Comparison of the result of present study with standard correlations(Yovanovich, Kan, |& Culhum, 2005) The result of experimental procedures was compared with two standard correlations of (Zukauskas and Grimison) for staggered arrangement tube bank in cross flow (. The mathematical expression of Zukauskas, 1972 correlation is shown as follows:
Where this correlation works for 16, and 10 2 10 . is number of columns, F is correction factor. The constants C, n and m vary depending on the Reynolds number and tube bank geometry, as shown in appendix.
The mathematical expression of Grimison is shown below:
This correlation is valid for 16 where F is correction factor and (C, n) are constants that depend on tube bank geometry, as shown in appendix.
In the present study the average value of Nusselt number in each column can be calculated from the following relation:
where n is the number of rows in each column.
The values of average Nusselt number calculated from these correlations are compared with the results of the present study for Reynolds number ranging from 2700 to 21530 as shown in Figures 9, 10, 11 and 12 for first column to fourth column respectively. The results of the four columns in present study are in close agreement with Zukauskas correlation. 
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